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S nbaortie stenosis describes a wide spectrunl of an- 
atomic lesions, which resuh in left ventricular out- 
flow tract obstruction. The etiology of the stenosis 
ranges from a discrete subaortic membrane to tunnel- 
type narrowing of the entire left ventrieular outflow 
tract to stenosis associated with muhi-level obstruction 
in Shone's complex. While discrete subaortie stenosis 
(DSS) is the most basic form, indications for surgery 
and operative technique renmin controversial. Al- 
though the development of left ventricular hyl)ertrophy 
(LVH) or aortic insufficiency (AI) is a clear indication 
for operation, the timing of intervention in the other- 
wise asymptomatie patient remains a point of contro- 
versy. Some authors have suggested the presence of 
a membrane as an indication for operation. 1 Other 
authors have supported waiting until the gradient 
reaches a peak Doppler echocardiogral)hic measure- 
ment of 25-30 mmHg, or AI or LVH develops. 2,3 Sur- 
gical treatment for DSS involves the resection of the 
fibromuscnlar subaortic memlwane. Several groups 
have advocated the addition of a septal myotomy or 
myectomy. 1,-~ Our group and others have reported an 
improved initial and long-term result with the addition 
of a myectomy. 1,~1 
SURGICAL TECIlNIQUE 
1 Tile l,roccdurc is done via a median sternotomy (Fig 1). 
Standard aortic and either right atrial or bicaval venous can- 
mdation is utilized. The aortic cannnla is placed near the lmsc 
of the innominate artery to allow for the aortotomy in the 
proximal ascending aorta. Bicaval cannulation nmy be usefld in 
the event of the need for retrograde cardiople~a. A left vcn- 
tricular vent is placed through the x'ight upper 1,ulmonary vein. 
Routine techniques for cardioI,ulmonary b pass are employed 
with mihl hypothermia. After application of the aortic cross 
clanq,, cardioplegia s delivered in an antegrade fashion. In the 
presence of significant AI, retrograde cardioplcgia may be nec- 
essary. Ahcrnatively, a nfinimally invasivc approach ntilizing a 
limited upper sternotomy can be performed. Standard aortic 
and right atrial cannulation is employed with left vcntricular 
venting through the dome or appendage of the left atrium. The 
remainder of the l, rocedure is similar regardless of al,proach. A
transverse aortotomy is l,crformcd immediately above the level 
of the sinus of Valsalva. Through this initial aortotomy, the 
aortic valve and coronary orifices are identified. The aortotomy 
is then extended into the noncoronary cusp, as shown in the 
accompanying fi ure. (All images are oriented in the "surgeon's 
eye view" with cranial to the left, caudal to the right, left to the 
top and right to the bottom of the image.) 
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2 Time aortic valve leaflets are retracted revealing the 4 The completed resection of the subaortic membrane. It
discrete subaortic melnbrane (Fig 2). We have found a Denis- is important o rcsect all fibrous tissue associated with the 
Browne dissecting clamp hehl by the first assistant o be membrane, to avoid leaving substrate for recurrence (Fig 4). 
usefld as a leaflet retractor. 
Starting below the right coronary orifice and proceeding 
in a counterclockwise direction, the membrane is removed. 
Once the correct plane is entered, the membrane can gener- 
ally be easily enucleated from the underlying muscle (Fig 3). 
A #15 scalpel blade is used to gently "push" the muscle off of 
the membrane. Any adherent bands can be sharply divided. 
The membrane usually extends for at least 180 ~ around the 
ontflow tract. It often feathers neatly to an end on the mitral 
valve, but may extend onto the anterior leaflet as well. Care 
mnst be taken when removing the membrane from the leaflet 
to avoid leaflet perforation. Any remaining membrane clock- 
wise from the starting point is removed in a similar fashion. 
Meticulous attention is taken to avoid the resection of any 
muscle in the area to the right of the right coronary/noneoro- 
nary commissure where the conduction system is located. 
Ahernatively, the clockwise portion of the resection can be 
preformed first. The counterclockwise portion can then be 
reseeted, leaving the part of the membrane immediately 
above the area of myectomy adherent o the muscle. In this 
manner, the membrane can be used as a "handle" to aid in 
the myeetomy. 
5 A septal myectomy is l~erformed in tile septum below tile 
left and right coronary commissure (Fig 5). Tile nlyectomy 
shouhl not extend rightward past tile right coronary orifice 
to avoid injuring time conduction system. Two parallel inci- 
sions are nmde into the septal nmsculatnre from just below 
the aortic valve cusps to well into the left ventricle at the level 
of the mitral valve papillary muscles. 
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6 Once the myeetomy has been started sharply with a 
scalpel, scissors are useful to continue the resection for the 
distal portion of the mosclc wedge (Fig 6). As mentioned 
above, the membrane can he left attached to the underlying 
muscle at the myeetomy to act as a "handle." A suture passed 
through the muscle wedge can also be helpful in grasping the 
resected muscle. We feel that a muscle resection, which is 
both adequately deep into the sel~tum and well down into the 
left ventricle, is usefld in preventing recurrence. The depth 
of the resection is tempered by the risk of creation of a 
ventricular septal defect. The pre- or intraoperative echo- 
cardiogram can be usefltl in estimating the width of the 
intraventricular septum. 
7 The complete resection and myeetomy demonstrating 
tile widely patent left ventricular outtlow tract (Fig 7). Tile 
significant amount of muscle rcsected by the myectomy and 
its extent down to the level of the papillary nmsele is evident. 
Before closing the aortotomy, the left ventricle is irrigated 
with copious amounts of cohl saline to remove any debris. 
8 Tile resected mendn-anc and scptal muscle (Fig 8). 
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RESULTS 
Our group has previously imiflished our  experience 
with the resection of subaortic membranes, comparing 
simple resection with resection and myectomy. 2 All pa- 
tients receiving treatment for DSS at the C. S. Mott 
Chihlren's Itospital at the University of Michigan froln 
1978-1990 were reviewed. Resection of membrane 
alone was performed in 16 patients (group I) and re- 
section with myectomy was l)erformed in 24 l)atients 
(grou l) II). Mean follow-up was 5.2 years - 1.2 years 
for grou 1) I and 4.5 years _ 0.7 years for group II. 
There were no operative or late deaths. Recurrence 
occurred in four l)atients in grou l) I (25%, 70% confi- 
deuce limits, 16-38%) and in one l)aticnt in grou l) II 
(4%, 70% confidence limits, 2-11%). There was no 
difference in the incidence of heart block between the 
two cohorts. 
COMMENT 
Discrete subaortie stenosis accounts for approxinmtely 
8 -20% of all causes of left ventricular outflow tract 
obstruction, s Ahhough significant left ventrietdar hy- 
pertrophy and aortic insufficiency are accepted indica- 
tions for sur rea l  intervention for DSS, the need for 
and timing of intervention in the asymptonmtie patient 
remains an area of discussion. Overall, the trend has 
been toward earlier intervention, before the develop- 
ment of significant sequellae. Our group and other 
authors ",'~ have recommended intervention at a peak 
Doppler eehocardiographie gradient of 25-30 mmHg, 
while Bralmer and colleagues t have suggested surgery 
at the time of diagnosis regardless of gradient to pre- 
vent the development of AI. Those authors advocating 
early intervention stress that over 50% of patients with 
DSS uhimately develop AI. t,6,7 Once AI has developed, 
membrane resection does not improve the AI, and may 
not In'event its progression. 1,3,a In addition, Brauner l 
found a decreased incidence of recurrence when the 
patients underwent surgery at a gradient less than 40 
mmHg. Others have advocated close follow-up of pa- 
tients with nfild gradients, as they have been noted to 
have a lower risk for progression than lmtients with 
nlore severe stenosis, a 
Our group has employed a policy of early interven- 
tion at a gradient of 30 mmHg in the asylnptoniatic 
Ilatient. We have elected to observe asymptomatic pa- 
tients with lower gradients, which nmndates close fol- 
low-up for any suggestion of the development of AI, 
progression of the gradient or the appearance of left 
ventricular hypertrophy. 
Despite excellent early results, the recurrence rates 
for DSS have been disappointing. Published recur- 
rence rates for DSS have ranged from 11.7-35%. 1.3,9,t~ 
DSS does lint occur in neonates, which suggests it is an 
acquired lesion. Several authors have suggested that 
subtle aherations in the left ventricular outflow tract 
result in turbulent flow, which then cause an injury to 
the endothelium and the development of the mem- 
brane. H,12 Reports of a fanfilial incidence, as well as a 
predisposition i Newfoundland ogs, suggest a genetic 
predisposition. Our technique ntails meticulous com- 
plete removal of the membrane and septal myectomy. 
We postulate that the addition of a significant septal 
myectomy nmy have several positive effects. It is very 
effective in lnininfizing any residual outflow gradient 
and nmy change the geometry of the outflow tract suf- 
ficiently to alter the nfilieu that led to the development 
of the DSS. Furthermore, if there are cells in the 
subaortic area that are predisllosed to the development 
of a fibromuscular membrane, tile myectomy may serve 
to disrupt this circumferential ring of genetically pre- 
disposed cells. Our recurrence rate of 4% for mem- 
brane resection and septal myectomy supI, ort that the 
technique is an effective means of addressing DSS. 
REFERENCES 
1. Brauner R, Laks II, Drinkwater DC, el al: Benefits of early repair of 
in fixed subaortie stenosis. J Am Coll Cardiol 30:1835-1812, 1997 
2. Lupinetti FM, Pridjian AK, Callow LB, el al: Ol)timum treatment of 
discrete subaortie stenosis. Ann Thorac Surg 51:467-471, 1992 
3. Coleman DM, Smallhorn .IF, McCrindle BW, et ah Post-operative 
follow-up of fil,romuscular subaortic stenosis. J Am Coil Cardiol 24: 
1558-1561, 199-1 
4. Lavee J, Porat L, Smolinsky A, et al: Myectomy versus myotomy as an 
adjunct o membranectomy in the surreal repair of discrete and tunnel 
subaortic stenosis. J Thorac Cardiovasc Surg 92:9-1-1-949, 1986 
5. Newfehl EA, Muster A'I, Paul MII, et al: Discrete subvalvar aortic 
stenosis in chihlhood. Am J Cardiol 38:53-61, 1976 
6. Kitchiner D, Malaiya N, Jackson M, et al: The incidence and prognosis 
of left ventricular outflow tract obstruction i l.iverpool 1960-1991. Br 
lleart J 71:558-595, 1991 
7. Wright GB, Keane JF, Nadas AS, et al: Fixed subaortie stenosis in the 
young: medical and surreal course in 83 lmfients. Am J Cardiol 52: 
830-835, 1983 
8. Roldicek CV, del Pino SF, llosking M, ct al: Natural history and 
surreal outcomes for isolated iscrete subaortic stenosis in chihlrcn. 
lleart 82:708-713, 1999 
9. Stewart JR, Merrill WII, llanmmn JW, ct al: l~eappraisal of localized 
resection for subvalvar aortic stenosis. Ann Thorac Surg 50:197-203, 
1990 
10. Serraf A, Zoghby J, Lacour-Gayet F, et al: Surreal treatment of 
subaortic stcnosis: A seventeen-year xperience. 'i Thorac Cardiovasc 
Surg 117:669-678, 1999 
11. Gerwillig M, Dacnen W, Dumoulin M, et al: Rheolo~c genesis of dis- 
crete subvah'ar aortic stenosis: A Doppler cchocardiogral)hic study. 
J Am Coil Cardiol 19:818-824, 1992 
12. Cape EG, Vanauker AID, Sigfusson G, et al: Potential role of mechan- 
ical stress in the etiology of pediatric heart disease: Septal shear stress 
in subaortic stenosis. J Am Coil Cardiol 30:247-25.t, 1997 
From the Division of Pediatric Cardiovascular Surgery, University of Michigan 
tteahh System, Ann Arbor, MI. 
Address reprint requests to Richard G. Ohye, MD, F7830 Motl/0223, 1500 East 
Medical Center Drive, Ann Arbor, MI 
Copyright 2003, Elsevier Science (USA). All rights reserved. 
1522-2912103/0701-0000535.00/0 
doi:10.1053/otct.2002.36322 
